METHOD OF MANUFACTURING HEAT EXCHANGER 



BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a method of manufacturing heat 
exchangers incorporating, for example, a radiator or a condenser or a 
radiator and condenser. 

[0002] When manufacturing heat exchangers, tubes are arranged at a^ 
predetermined pitch, which is followed by insertion of fins therebetween. 
After compressing the tubes and fins, headers are mounted to the ends of 
the tubes. Other members such as pipe are also mounted to the J 
assembly, to which a baking jig is attached. Then, the assembled heat 
exchanger is put in a furnace for brazing. 

[0003] End covers are attached to both ends of the header. When 
mounting to the tubes the header with end covers attached, the following 
inconvenience may occur. 

[0004] Upon mounting to the tubes, the center of the header in cross 
section is held by a clamper, which may cause, for the header of round 
pipe, for example, clamping displacement in such a way as to rotate about 
the header pipe. Moreover, when manufacturing heat exchangers 
incorporating a radiator and a condenser, it is difficult to arrange a radiator 
header and a condenser header above and below for clamping together. 
[0005] Moreover, when using the end covers of the radiator header and 
condenser header integrated with each other, if the end covers are prior 
attached to the headers through press fitting, the relative position of slits 
formed in the headers for engaging with an end of tubes goes out of order 
in the longitudinal direction of the headers due to a press fitting stress. 
That is, the position of the slits of the radiator header and the position of the 
slits of the condenser header become misaligned, leading to impossible 
mounting of the headers to the tubes. 



SUMMARY OF THE INVENTION 

[0006] It is, therefore, an object of the present invention to provide a 
method of manufacturing heat exchangers, which allows secure mounting 
of the headers and accurate provision of the relative position of the slits 
5 formed in the headers. 

[0007] The present invention provides generally a method of 
manufacturing a heat exchanger, which includes processes of: arranging 
tubes at a predetermined pitch on a set base; inserting fins into spaces 
each defined between the tubes; compressing the tubes and the fins in a 
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ll % 10 direction of arrangement thereof; mounting hollow headers to longitudinal 
If, ends of the tubes, each header having slits engaged with a corresponding 

vC) end of the tubes; and attaching covers to both ends of the headers, each 
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*r I cover closing holes which open at the corresponding end of the headers. 
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[0008] A main feature of the present invention is to provide a method of 
~ = 15 manufacturing an incorporated heat exchanger incorporating first and 
second heat exchangers, which includes processes of: arranging first 
tubes for the first heat exchanger at a predetermined pitch on a set base; 
arranging second tubes for the second heat exchanger at the same 
predetermined pitch just above the first tubes with a predetermined 
20 distance therebetween, the second tubes being longer than the first tubes; 
inserting fins into first spaces each defined between the first tubes and 
second spaces each defined between the second tubes, the fins extending 
over the predetermined distance; compressing the first and second tubes 
and the fins in a direction of arrangement thereof; mounting first hollow 
25 headers to longitudinal ends of the first tubes, each header having slits 
engaged with a corresponding end of the first tubes; mounting second 
hollow headers to longitudinal ends of the second tubes, each header 
having slits engaged with a corresponding end of the second tubes; and 
attaching covers to both ends of the first and second headers, each cover 
30 closing holes which open at the corresponding end of the first and second 
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headers. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The other objects and features of the present invention will 
become apparent from the following description with reference to the 
5 accompanying drawings, wherein: 

[0010] FIG. 1A is a perspective view showing a reinforce arranging 
process; 

[0011] FIG. 1B is a view similar to FIG. 1A, showing a radiator tube 
arranging process; 

q 10 [0012] FIG. 2A is a view similar to FIG. 1B, showing a condenser tube 

P 

IU arranging process; 
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[0013] FIG. 2B is a view similar to FIG. 2A, showing a fin inserting 
w process; 



2 [0014] FIG. 3 is a view similar to FIG. 2B, showing a header mounting 

jm 15 process; 

ru 

(q [0015] FIG. 4 is a view similar to FIG. 3, showing a header mounting 

H completion process; 

[0016] FIG. 5 is a view similar to FIG. 4, showing a baking jig mounting 

process; 

20 [0017] FIG. 6 is a plan view showing the general configuration of a 
system for manufacturing a heat exchanger; 

[001 8] FIG. 7 is a front view showing the general configuration of the heat 
exchanger manufacturing system; 

[001 9] FIG. 8 is an exploded perspective view showing a platen; 
25 [0020] FIG. 9 is a view similar to FIG. 5, showing the platen; 

[0021] FIG. 1 0 is a view similar to FIG. 6, showing the platen; 

[0022] FIG. 1 1 is a view similar to FIG. 7, showing the platen; 

[0023] FIG. 1 2 is a view seen from arrows XII-XII in FIG. 11; 

[0024] FIG. 13 is a view similar to FIG. 12, seen from arrows XIII-XIII in 
30 FIG. 11; 
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[0025] FIG. 1 4A is a schematic drawing showing a cam drive mechanism 
for horizontally moving a tube supporting member; 
[0026] FIG. 14B is a view similar to FIG. 14A, showing a cam drive 
mechanism for horizontally moving an end face restricting member; 
5 [0027] FIG. 15 is a view similar to FIG. 13, seen from arrows XV-XV in 
FIG. 11; 

[0028] FIGS. 16A-16C are fragmentary enlarged front views, each 
showing a radiator tube and condenser tube arranging/end face positioning 
process; 

Q 10 [0029] FIG. 17 is a fragmentary enlarged perspective view showing a 

Q 

fy temporary header holder; 

Q [0030] FIG. 1 8 is a view similar to FIG. 1 7, showing the radiator tube and 

m 



condenser tube temporarily held by the temporary header holder; 
j [0031 ] FIG. 1 9 is a view similar to FIG. 1 1 , showing a fin inserting device; 



ril 15 [0032] FIG. 20 is a side view showing the fin inserting device; 



m [0033] FIG. 21 is a diagrammatic view showing fin arranging: 



[0034] FIG. 22 is a view similar to FIG. 9, showing a fin holding member; 
[0035] FIG. 23A is a view similar to FIG. 20, showing the fin holding 
member with a fin clamp plate closed; 
20 [0036] FIG. 23B is a view similar to FIG. 10, showing the fin holding 
member; 

[0037] FIG. 24A is a view similar to FIG. 23A, showing the fin holding 
member with the fin clamp plate opened; 

[0038] FIG. 24B is a view similar to FIG. 23B, showing the fin holding 
25 member; 

[0039] FIG. 25A is a view similar to FIG. 24B, showing a fin being 
inserted into the fin holding member; 

[0040] FIG. 25B is a view similar to FIG. 25A, showing the fin being 
inserted inward by air blow; 
30 [0041] FIG. 25C is a view similar to FIG. 25B, showing the fin being 



compressed; 

[0042] FIG. 25D is a view similar to FIG. 25C, showing the fin being 
dropped; 

[0043] FIG. 26 is a view similar to FIG. 22, showing an air blow fin moving 
5 process in a fin inserting part; 

[0044] FIG. 27 is a view similar to FIG. 23, showing a header mounting 
device provided in a header mounting part; 

[0045] FIG. 28 is a view similar to FIG. 25D, showing the header 
mounting device provided in the header mounting part; 
Q 10 [0046] FIGS. 29A-29B are views similar to FIG. 16C, each showing the 

a 

jfil header mounting device; 

[0047] FIG. 30 is a fragmentary perspective view showing the header 
mounting device; 

[0048] FIG. 31 A is a fragmentary side view showing the header mounting 
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fU 15 device; 
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pi [0049] FIG. 31 B is a fragmentary plan view showing the header 



mounting device; 

[0050] FIG. 31 C is a fragmentary front view showing the header 
mounting device; 

20 [0051] FIG. 32A is a view similar to FIG. 28, showing a slide main body of 
the header mounting device; 

[0052] FIG. 32B is a view similar to FIG. 32A, showing a radiator header 
positioning member and a condenser header positioning member; 
[0053] FIG. 33 is a view similar to FIG. 26, showing the radiator header 
25 and condenser header clamped by a radiator header clamping member 
and a condenser header clamping member; 

[0054] FIG. 34 is a view similar to FIG. 33, showing reinforces mounted 
to a positioning arranging member of a tube arranging device provided on 
the platen; 

30 [0055] FIG. 35 is a view similar to FIG. 34, showing fins inserted between 



tubes after arranging the reinforces, radiator tube, and condenser tube to 
the positioning arranging member of the tube arranging device; and 
[0056] FIGS. 36A-36C are views similar to FIG. 21 , showing the radiator 
header and condenser header mounted to the heat exchanger temporarily 
assembled. 

DETAILED DESCRIPTION OF THE INVENTION 

[0057] Referring to the drawings, a heat exchanger embodying the 
present invention is described in the sequence of A through F below. 
[0058] 

A. Heat exchanger manufacturing process 

B. Heat exchanger manufacturing system 
B-1 . Fin forming part 

B-2. Radiator tube arranging part 
B-3. Condenser tube arranging part 
B-4. Fin inserting part 
B-5. Header mounting part 

C. Platen configuration 

C-1 . Tube arranging device 
C-2. Temporary header holder 
C-3. Baking jig assembling device 

D. Fin inserting device 
D-1 . Conveyor 

D-2. Fin holding member 

E. Header mounting device 
E-1 . Slide main body 

E-2. Radiator header positioning member and condenser header 
positioning member 

E-3. Radiator header clamping member and condenser header 
clamping member 

E-4 . Forward/backward movement driving means 



F. Explanation of operation of heat exchanger manufacturing system 

F-1 . Process before tube arranging 

F-2. Tube arranging process 

F-3. Fin inserting process 
5 F-4. Header mounting process 

In the illustrative embodiment, the present invention is applied to a 
system for manufacturing heat exchangers with a radiator and a condenser, 
for example, integrated with each other through a series of processes. 
Before explaining the configuration of the heat exchanger manufacturing 

q 10 system, the heat exchanger manufacturing process is explained briefly. 

n 

? [j [0059] A. Heat exchanger manufacturing process 
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Referring to FIG. 1A, when manufacturing a heat exchanger 
incorporating a radiator or first heat exchanger and a condenser or second 

Sm 

heat exchanger, a pair of reinforces 1 , 2 are prepared first. The reinforces - 

r|] 15 1,2 are formed, for example, out of aluminum or aluminum alloy. One 

p = 

til example includes a core material of Japanese Industrial Standards 

!=: JIS3003 and a brazing material layer of JIS4045 or JIS4343 clad on the fin 

side. 

[0060] Longitudinal ends of the reinforces 1 , 2 are formed with notches\ 
20 1a, 2a which receive tube supporting members 36 for restricting an end \ 
face position of fins 5 as will be described later. Forming the notches 1 a, J 
2a prevents the tube supporting members 36 from j x^jdjog jyyith the / 
reinforces 1 , 2 when restricting the end face position of the fins 5. 
[0061] Then, referring to FIG. 1B, after disposing the reinforces 1, 2 at a 
25 predetermined interval, a plurality of radiator tubes 3 or first heat exchanger 
tubes is arranged between the reinforces 1 , 2 at a predetermined pitch. 
Arranging the radiator tubes 3A is carried out with a tube arranging device 
as will be described later. The radiator tubes 3 are formed, for example, 
out of aluminum or aluminum alloy. One example includes a core 
30 material of JIS3003, a brazing material layer of JIS4045 or JIS4343 clad on 
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the outside of the tube, and a sacrifice corrosion layer of JIS7072 clad on 
the inside of the tube. 

[0062] Then, referring to FIG. 2A, at the same pitch as for the radiator 
tubes 3, condenser tubes 4 or second heat exchanger tubes are arranged 
5 just above the radiator tubes 3 with a predetermined distance 
therebetween. The condenser tubes 4 are also formed, for example, out 
of aluminum or aluminum alloy. One example includes a core material of 
JIS3003 and a brazing material layer of JIS4045 or JIS4343 clad on the 
outside of the tube, or extruded tube material of JIS1050 with sacrifice 
p l o corrosion layer of zinc thermal-sprayed on its outside surface, 
jfii [0063] When viewing this arrangement from above, the radiator tubes 3 

!*{ are disposed just below the condenser tubes 4. The tube arranging 

\B device also serves to arrange the condenser tubes 4 and the radiator tubes 

m 

3 with a predetermined distance therebetween. The condenser tubes 4 
III 15 are slightly longer than the radiator tubes 3. 

|Ji [0064] Then, referring to FIG. 2B, common fins 5 for radiator and 

condenser are arranged in a space defined between the radiator tubes 3 
and condenser tubes 4 arranged at a predetermined spacing. Inserting 
the fins 5 in the space is carried out with a fin inserting device as will be 
20 described later. The fins 5 are also formed out of aluminum or aluminum 
alloy. One example includes a material of JIS3003 only or a core material 
of JIS3003 and a brazing material layer of JIS4045 or JIS4343 clad on 
both sides of the fins. 

[0065] Then, referring to FIG. 3, compression is applied to the radiator 
25 tubes 3 and condenser tubes 4 in the direction of reducing their pitch 
interval or direction of arrow X. Specifically, compression is applied to the 
tubes 3, 4 in the direction of their arrangement to achieve a predetermined 
core width. Subsequently, referring to FIG. 4, radiator headers 7 or first 
heat exchanger headers are mounted to the radiator tubes 3, whereas 
30 condenser headers 6 or second heat exchanger headers are mounted to 



the condenser tubes 4. The radiator header 7 and condenser header 6 
are also formed out of aluminum or aluminum alloy. One example of the 
radiator header 7 includes a core material of JIS3003, a brazing material 
layer of JIS4045 or JIS4343 clad on the outside of the header, and a 
5 sacrifice corrosion layer of JIS7072 clad on the inside of the header. One 
example of the condenser header 6 includes a core material of JIS3003 
and a brazing material layer of JIS4045 or JIS4343 clad on its outside. 
[0066] The radiator header 7 and condenser header 6 are simultaneously 
mounted using a temporary header holder and a header mounting device 
l~ 10 as will be described later. If a header includes a tank and a header plate 
or seat plate distinct and separated from each other, the header plate may 

til 

\l) be mounted first. 
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*B [0067] Then, referring to FIG. 5, pipes and connectors 8a, 8b are 

mounted to the headers 6, 7. Header end covers 127 are mounted to 
^ 15 close holes 125, 1 26 opened at both ends of the radiator header 7 and 
condenser header 6. One example of the header end cover 
127 includes a core material of JIS3003 and a brazing material layer of 
JIS4045 or JIS4343 clad on the inside of the cover. The header end 1 
covers 127 are integrated with each other as a common cover for the 
20 radiator header 7 and condenser header 6. This results in greatly 
reduced number of parts in combination with commonality of the fins 5 and 
reinforces 1,2. 

[0068] Subsequently, with baking jigs 61 of a baking jig assembling 
device 33 as will be described later attached to the assembled heat 
25 exchanger, flux is applied to tube/fin connections, header/tube connections 
and connections of the other components, and then the heat exchanger 
made of aluminum is put in a furnace to braze those connections. The 
heat exchanger incorporating the radiator and condenser is completed 
through the above process. 
30 [0069] Regarding flux application timing, for the devides and connectors 



10 

to be provided in the condenser header 6, flux is applied when a 
condenser header subassembly is made. For inlet/outlet (I/O) pipes of 
the radiator, flux is applied when they are assembled or when it is applied 
to the header/tube connections. For the header end covers 127, flux is 
5 applied to the header/tube connections when they are assembled or when 
it is applied to header/tube bases. 
[0070] B. Heat exchanger manufacturing system 

The following explains the configuration of the heat exchanger 
manufacturing system for manufacturing the heat exchanger through the 
I* 10 above process. 

C3 [0071] Referring to FIGS. 6-7, the heat exchanger manufacturing system 

\l) comprises a fin forming part 9 for forming bellows-like fins 5 from a long 

m 

J?j aluminum sheet through some processes, a radiator tube arranging part 1 0 



fit 



for arranging the radiator tubes 3, a condenser tube arranging part 1 1 for 
15 arranging the condenser tubes 4, a fin inserting part 12 for inserting the 

fU fins 5 into the space between the radiator tubes 3 and condenser 

CO 

ill tubes 4 arranged at a predetermined pitch, and a header mounting part 13 



for mounting the radiator headers 7 and the condenser headers 6 to the 
tubes 3, 4. 

20 [0072] The radiator tube arranging part 10, condenser tube arranging 
part 1 1 , fin inserting part 12, and header mounting part 13 are disposed in 
line in that order, whereas the fin forming part 9 is disposed adjacent to that 
line. 

[0073] B-1 . Fin forming part 

25 With the fin forming part 9, as shown in FIG. 6, an aluminum sheet 

wound in a roll and set on a coil stand 1 4 is fed to a fin forming machine 1 5 
where it is formed in a bellows-like shape. Then, the continuously formed 
fin 5 is fed to the fin inserting part 12 through a fin feeding mechanism 16. 
When feeding to the fin inserting part 12, the continuously formed fin 5 is 

30 cut to a predetermined length. 
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[0074] B-2. Radiator tube arranging part 

With the radiator tube arranging part 10, as shown in FIG. 6, the 
radiator tubes 3 are transported at a predetermined pitch by a conveyor 1 7, 
which are then transported to a predetermined arranging portion by a tube 
loader 18, and are supplied one by one to a set base 30 of a platen 19 or 
assembling transporting table by a tube magazine 26 shown in FIG. 7. 
Here, the radiator tubes 3 are arranged at a predetermined pitch on the set 
base 30 of the platen 1 9. 

[0075] As shown in FIG. 7, arranging the radiator tubes 3 is earned out by 



p 10 using a tube arranging device as will be described later disposed on the 

p 

platen 19 which reciprocates between the radiator tube arranging part 10 
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£ an upper rail 20 and a lower rail 21 as shown in FIG. 7. The platen 19 is 



and the header mounting part 13. The platen 19 is constructed to run on 



a moved from the radiator tube arranging part 10 to the header mounting 

!=*= 

f II 15 part 13 in the direction of arrow A, and then lowered on the lower rail 

m 

m 21 by a platen lowering mechanism 22 disposed at a rear end of the 

~; header mounting part 1 3 as viewed in the feeding direction. 

[0076] Then, the platen 1 9 is moved on the lower rail in the direction of f 
arrow B to return to a position below the radiator tube arranging part 10. 
20 The platen 19 which has returned to its original position is lifted by a platen 
lifting mechanism 23 disposed before the radiator tube arranging part 1 0, 
and is placed again on the upper rail 20. 
[0077] B-3. Condenser tube arranging part 

With the condenser tube arranging part 1 1 , as shown in FIG. 6, 
25 the condenser tubes 4 are taken from a tube stacker 24 disposed beside 
the condenser tube arranging part 11 by the tube loader 25, and are 
transported to a predetermined arranging portion. Then, they are 



supplied one by one to the s ^base^ gdyof the platen 19 by a tube" 
magazine 27 shown in FIG. 7. Here, tlje condenser tubes 4 are arranged 
30 just above the radiator tubes 3 arrange^ in the preceding process. 
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[0078] B-4. Fin inserting part 

With the fin inserting part 12, as shown in FIG. 6, using a fin 
inserting device as will be described later, the fins 5 are inserted between 
the radiator tubes 3 and the condenser tubes 4 arranged on the set base 
30 of the platen 19 at a predetermined spacing. 
[0079] B-5. Header mounting part 

With the header mounting part 13, as shown in FIG. 6, after 
applying compression to the fins 5 inserted between the radiator tubes 3 
and the condenser tubes 4 to establish the arranging pitch to a 
predetermined value, the radiator headers 7 and condenser headers 6 are 
mounted to the tubes by using a header mounting device as will be 
described later. 

[0080] C. Platen configuration 

The following explains the configuration of the platen 19 which 
moves on the upper rail 20 and lower rail 21. Referring to FIGS. 
8-11, the platen 19 comprises a tube arranging device 31 for 
arranging the radiator tubes 3 and condenser tubes 4 at a predetermined 
pitch, a temporary header holder 32 for temporarily holding the radiator 
headers 7 and the condenser headers 6, and the baking jig assembling 
device 33 for assembling the baking jig or tie bar to the temporarily 
assembled heat exchanger. 

[0081] The platen 19 comprises a main base 28 arranged on the upper 
rail 20 or the lower rail 21 and the set base 30 supported on the main base 
28 by a plurality of support guides 66. Various parts forming the heat 
exchanger, such as reinforces 1, 2, tubes 3, 4, and headers 6, 7 to be 
provided at the stages of the radiator tube arranging part 10, condenser 
tube arranging part 11, fin inserting part 12, and header mounting part 13, 
are successively supplied to the set base 30 for assembling. 
[0082] C-1 . Tube arranging device 

As shown in FIGS. 8-9 and 11, the tube arranging device 31 
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comprises a comb-teeth-shaped positioning arranging member 34 for 
arranging the reinforces 1 , 2, radiator tubes 3, and condenser tubes 4 at 
predetermined positions, an end-face restricting member 35 for restricting 
and aligning the positions of end faces of the reinforces 1 , 2, radiator tubes 
5 3, and condenser tubes 4, and a tube supporting member 36 for arranging 
the condenser tubes 4 just above the radiator tubes 3 with a predetermined 
distance therebetween. 
[0083] C-1a. Positioning member 

Referring to FIG. 12, the positioning arranging member 34 is 
p 10 formed in a comb-teeth shape having a plurality of slits 37 formed at a 
|:{ predetermined pitch along the longitudinal direction. The slits 37 are 

^ formed as notches perpendicularly downward cut from the upper end edge 

Mil so as to serve to receive and position the reinforces 1 , 2, radiator tubes 3, 

m 

9 and condenser tubes 4 at the portions close to both ends. The slits 37 

Jab 

n\ 15 have such length that the radiator tube 3 and condenser tube 4 can be 
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inserted in the same slit with a predetermined distance 
0 therebetween. 

[0084] As shown in FIGS. 11-12, the positioning arranging member 34 is 
fixed to lifting blocks 39 which are movable along a pair of support guides 
20 38, 38 erectly arranged on the main base 28. The lifting block 39 is 
provided with a cam follower 42 slidably engaged with a roughly triangular 
cam 41 fixed to a slider 40 slidably mounted on the main base 28. 
Therefore, when the slider 40 is at the position shown by solid line in FIG. 
12, the positioning arranging member 34 is at an upper end position 
25 projected from the top surface of the set base 30. When the slider 40 
moves to a left position shown in two-dot chain line in FIG. 12, the 
positioning arranging member 34 is moved to a bottom dead center 
position below the set base 30 through the cam 41. 
[0085] Specifically, referring to FIGS. 16A-16C, the positioning arranging 
30 member 34 is moved up and down so that it is disposed at a position 
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above the set base 30 when assembling the reinforces 1 , 2, radiator tubes 
3, and condenser tubes 4, and it is disposed at a position below the set 
base 30 when compressing the temporarily assembled heat exchanger. 
[0086] C-1 b. End face restricting member 



member 35 is formed as a rectangular block facing the positioning 
arranging member 34. The end face restricting member 35 has a 
stepped portion formed on the surface facing the positioning arranging 
member 34, and includes a front end face 35a serving as a radiator tube 
10 position restricting face for restricting the position of a longitudinal end of 
the radiator tubes 3 and a rear end face 35b serving as a condenser tube 
position restricting face for restricting the position of a longitudinal end of 
the condenser tubes 4. 

[0087] As shown in FIGS. 1 1 and 13, the end face restricting member 35 

15 is fixed to the lifting block 44 which is movable along a pair of support 
guides 43, 43 erectly arranged on the main base 28. The lifting block 
44 is provided with the cam follower 47 slidably engaged with a roughly 
triangular cam 46 fixed to a slider 45 slidably mounted on the main base 28. 
Therefore, when the slider 45 is at the position shown by solid line in FIG. 

20 13, the end face restricting member 35 is at an upper end position 
projected from the top surface of the set base 30. When the slider 45 
moves to the left position shown by broken line in FIG. 13, the end face 
restricting member 35 is moved to a bottom dead center position below the 
set base 30 through the cam 46. 

25 [0088] Specifically, as shown in FIGS. 16A-16C, the end face restricting 
member 35 is moved up and down so that it is disposed at a position 
above the set base 30 when assembling the reinforces 1 , 2, radiator tubes 
3, and condenser tubes 4, and it is disposed at a position below the set 
base 30 when mounting the radiator headers 7 and condenser headers 6 

30 to the temporarily assembled heat exchanger. 



5 



As shown in FIGS. 11 and 16A-16C, the end face restricting 
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[0089] C-1c. Tube supporting member 

As shown in FIGS. 11 and FIGS. 16A-16C, the tube supporting 
member 36 is formed as a rectangular flat plate having substantially same 
length as that of the end face restricting member 35, and is fixed to a tube 
5 supporting member holding plate 48 disposed on the lifting block 44. As 
shown in FIGS. 16A-16C, the tube supporting member 36 includes a collar 
portion at a base end 36a, and is held roughly horizontally by holding the 
collar portion between a pair of tube supporting member holding plates 48a, 
48b. 

Q 10 [0090] On the other hand, a tip portion 36b of the tube supporting 

p 

ill member 36 is disposed on a stepped face through a through hole formed 

H in the end face restricting member 35. An end portion of the condenser 



to tubes 4 is placed on a projection provided on the stepped face. The 

In 

2 thickness of the tube supporting member 36 determines a predetermined 

flj 15 distance between the radiator tubes 3 and the condenser tubes 4. An 

pi 

end of the tip portion 36b of the tube supporting member 36 abuts on the 
III fins 5 inserted between tubes so as to serves to compress the fins 5 when 

compressing the temporarily assembled heat exchanger. 
[0091] The tube supporting member 36 is moved up and down through 
20 the cam 46 in the same way as the end face restricting member 35. Here, 
the end face restricting members 35 and the tube supporting members 36 
in their entirety move up and down along the support guides 43. 
Referring to FIGS. 14A-14B, the end face restricting member 35 and the 
tube supporting member 36 are horizontally movable in the direction of 
25 approaching and separating from the positioning arranging member 34 by 
means of cam drive mechanisms 49, 50. The cam drive mechanism 49 
shown in FIG. 14A is a mechanism part for horizontally moving the tube 
supporting member 36, whereas the cam drive mechanism 50 shown in 
FIG. 14B is a mechanism part for horizontally moving the end face 
30 restricting member 35. 
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[0092] C-2. Temporary header holder 

Referring to FIGS. 9 and 17-18, the temporary header holder 32 is 
provided on both sides of the main base 28 away from the set base. As 
shown in FIG. 17, the temporary header holder 32 comprises radiator 
5 header positioning claws 52 for temporarily holding the radiator headers 7, 
condenser header positioning claws 53 for temporarily holding the 
condenser headers 6, and a pair of clampers 54, 54 for holding the radiator 
headers 7 and condenser headers 6. 

[0093] The radiator header positioning claws 52 and condenser header 
i s , s 10 positioning claw 53 are mounted to a shaft 55 fixed to lifting blocks 29 

which are movable along a pair of support guides 51 , 51 erectly arranged 
Nj on the main base 28. The shaft 55 is supported by a shaft supporting 

hi member 56 fixed on the lifting blocks 29 so as not to suffer flexure when 

. r\ 

temporarily holding the radiator header 7 and condenser header 6. The 
15 radiator header positioning claws 52 and condenser header positioning 
claws 53 are fixed to common claw holding members 57 fixed to the 
CO shaft 55 with a predetermined vertical spacing therebetween. Referring to 

FIG. 17, the condenser header positioning claws 53 are arranged at an 
upper position, and the radiator header positioning claws 52 are arranged 
20 at a lower position, wherein the condenser header positioning claws 53 
and the radiator header positioning claws 52 are slightly smaller in section 
than the corresponding tubes to allow secure holding thereof. 
[0094] As shown in FIGS. 17-18, the radiator header positioning claws 52 
are inserted into slits 59 (see FIG. 3) formed in the radiator header 7 with 
25 rectangular section for receiving the end portion of the radiator tubes 3, and 
temporarily hold the radiator header 7. The condenser header positioning 
claws 53 are inserted into slits 58 formed in the cylindrical condenser 
header 6 for receiving the end portion of the condenser tubes 4, and 
temporarily hold the condenser header 6. 
30 [0095] The clampers 54, 54 have a base end rotatably mounted to a 
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clamper mounting member 60 fixed to the shaft supporting member 56, 
thus making an end movable. As shown in FIG. 18, the lower clamper 54 
supports the radiator header 7 from below, and carries it with a catching 
claw 54a formed at its end. The upper clamper 54 holds the condenser 
header 6 from above, and carries the condenser header 6 with a catching 
claw 54a formed at its end. Specifically, the upper and lower clampers 54, 
54 simultaneously hold the radiator header 7 and condenser header 6 from 
above and below, maintaining temporary holding of the headers 6, 7. 
[0096] The temporary header holder 32 in its entirety is moved up and 
down with respect to the main base 28 by a lifting means, not illustrated. 
The lifting means moves up and down the temporary header holder 32 in 
its entirety with lifting pins, not illustrated, provided on the header mounting 
part 13 being inserted into pin inserting holes 129 of blocks 128 disposed 
on the temporary header holder 32. Referring to FIG. 1 1 , the position 
shown by solid line is an origin position which corresponds to a 
standby position where the radiator header 7 and condenser header 6 
are below the height position of the set base 30. The position shown by 
broken line is an upper end position which corresponds to a tank set 
position where the temporary header holder 32 in its entirety is raised to 
roughly the same height as that of the set base 30 in the header mounting 
part 13. 

[0097] C-3. Baking jig assembling device 

As shown in FIGS. 1 1 and 15, the baking jig assembling device 33 
comprises baking jigs 61 mounted to the temporarily assembled heat 
exchanger, and a drive mechanism part for keeping the baking jigs 61 on 
standby at a lower position below the set base 30 before completing 
temporary assembling of the heat exchanger and for raising the baking jigs 
61 to a position projected from the set base 30 after completing temporary 
assembling. 

[0098] C-3a. Baking jig 
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As shown in FIG. 5, the baking jig 61 is mounted to the temporarily 
assembled heat exchanger in the tube arranging direction so as to serve 
as a receiver base for supporting the heat exchanger when it is set in the 
furnace. The baking jig 61 comprises a pair of guides 62, 62 abutting on 
5 the reinforces 1 , 2 arranged vertically, a connection 63 connected between 
the guides 62, 62, and legs 64 protruding downward from the connection 
63. 

[0099] Since the baking jig 61 being mounted to the heat exchanger is 
inserted and heated in the furnace, it is made of metallic material having 
|=l 10 heat resistance. In the furnace, the heat exchanger is held to have its 
underside raised by the legs 64 so as to provide to the underside heat in 
the furnace. 
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\l} [0100] C-3b. Drive mechanism part 

ell 

a As shown in FIGS. 11 and 15, the drive mechanism part 
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15 comprises jig holders 65 for holding three baking jigs 61 , lifting blocks 67 
which are movable along three sets of pair of support guides 66 erectly 
arranged on the main base 28, roughly triangular cams 69 fixed to a slider 
68 for moving up and down the jig holders 65, cam followers 70 slidably 
engaged with the cams 69, and a pair of connecting shafts 71 , 71 for 

20 connecting the lifting blocks 67 which fix the jig holders 65 for supporting 
the three baking jigs 61 . 

[0101] The jig holder 65 is formed as a rectangular holding plate to 
erectly hold the guide 62 by receiving the leg 64 of the baking jig 61 . The 
jig holder 65 is fixed to the lifting blocks 67 movably mounted to the support 

25 guides 66, 66. The slider 68 is slidably disposed on the main base 28 to 
be movable to the position shown by broken line in FIG. 12. 
[0102] Referring to FIG. 15, the cam 69 is moved by the slider 68 from 
the position shown by solid line to the position shown by broken line to 
travel the cam follower 70 between a lower end position and an upper end 

30 position of a cam inclination, thus moving up and down the jig holder 65. 
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When the slider 68 is at the position shown by broken line in FIG. 15, the jig 
holder 65 is at its origin position or bottom dead center wherein the baking 
jig 61 is on standby at a position below the set base 30. 
[0103] On the other hand, when the slider 68 is at the position shown by 
5 broken line in FIG. 15, the jig holder 65 is at an upper end position as 
shown in FIG. 11, wherein the baking jig 61 protrudes upward from a 
baking jig lifting opening 72 (see FIG. 9) formed in the set base 30. 
Specifically, at the upper end position, the connection 63 of the baking jig 
61 is located at the top surface of the set base 30, and the guide portion 62 

}.* 10 protrudes upward from the top surface of the set base 30. 

n 

[0104] Thus, with the tubes 3, 4 and the fins 5 still compressed after 
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completing temporary assembling of the tubes 3, 4 with headers 6, 7 
attached, the baking jigs 61 are raised and automatically mounted to the 



|M heat exchanger on the set base 30. When moving up and down the 

3 

M 15 baking jigs 61, the three baking jigs 61 are simultaneously mounted to 

m 

111 the heat exchanger through the connecting shafts 71, achieving 

Si mounting of the three without any variation. 

4=1 

H [0105] D. Fin inserting device 

The following explains the fin inserting device. The fin inserting 
20 device, disposed in the fin inserting part 12, is a device for inserting 
common fins 5 for radiator and condenser in the spaces between the 
radiator tubes 3 and the condenser tubes 4 arranged at a predetermined 
interval. 

[0106] Referring to FIGS. 19-20, the fin inserting device comprises a 
25 conveyor 75 or carrying apparatus disposed on a frame 74 supported by a 
plurality of supports 73, fin holding members 76 mounted to the conveyor 
75 for receiving at a fin receiving position the fins 5 formed at the fin 
forming part 9 and transporting them to a fin dropping position (see FIG. 
21), and a fin inserting member 77 for dropping and inserting the fins 5 
30 between the tubes 3, 4 at the fin dropping position. 



20 

[0107] D-1. Conveyor 

As shown in FIGS. 19-20, the conveyor 75 is disposed between a 
pair of support frames 78, 78 disposed on the frame 74, and comprises a 
pair of chain driving shafts 79, 79 mounted rotatably, a chain 81 
interconnecting between sprockets 80 fixed to the chain driving shafts 79, 
79, a drive motor 82 or drive mechanism for driving the chain 81 , a drive 
shaft 83, and a drive gear 84. 

[0108] As shown in FIG. 19, the chain driving shafts 79, 79 are disposed 
between the support frames 78, 78 at the same height and with a 
predetermined spacing therebetween, having both ends rotatably 
supported by bearings mounted to the support frames 78, 78. Fixed to 
one end of one of the chain driving shafts 79, 79 is a driven gear 85 
meshed with the drive gear 84 fixed to the drive shaft 83. 
[0109] When rotation of the drive gear 84 fixed to the drive shaft 83 for 
transmitting rotation of the drive motor 82 is transmitted to the driven 
gear 85 so as to rotate the chain driving shafts 79, the chain 8 is 
rotated in the direction of arrow in FIG. 20. At that time, the chain 81 runs 
in a roughly triangular shape through the upper sprocket 87 rotatably 
mounted to a sprocket mounting member 86 located above and between a 
pair of chain driving shafts 79, 79. The chain 81 is moved stepwise by 
means of the drive motor 82. 
[0110] D-2. Fin holding member 

Referring to FIGS. 23A-24B, the fin holding members 76 are 
mounted to the chain 81 at intervals for allowing stepwise movement at a 
predetermined pitch between the fin receiving position for receiving the fins 
5 formed at the fin forming part 9 and the fin dropping position (see FIG. 
21 ) for dropping the fins 5 between tubes. Referring to FIGS. 22-24B, the 
fin holding member 76 comprises a main body frame 88, a fin guide 
holding plate 89 fixed to the main body frame 88, fin clamp plates 90, 91 , 
92 for holding the fin guide holding plate 89 in the center position and 
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allowing opening/closing on both sides, and a cam drive mechanism part 
93 for rotating the fin clamp plates 90, 91 , 92. 
[0111] D-2a. Main body frame 

As shown in FIGS. 23A-24B, the main body frame 88 is formed as 
a plate longer than at least the fin 5. Slot-shaped air introducing holes 94 
are formed in the main body frame 88 at substantially the center and the 
positions close to both sides. Air out of an air supply unit, not illustrated, is 
blown into the air introducing holes 94 to insert inward the fin 5 held 
between the central fin guide holding plate 89 and the fin clamp plates 90, 
91 , 92. 

[0112] Referring to FIG. 26, the bellows-shaped fin 5 fed from the fin 
forming part 9 is moved inward of the fin holding member 76 by blowing air 
toward a longitudinal tip of the fin 5 through air blow nozzles 105 arranged 
at the tip, the center, and a rear end. 
[0113] D-2b. Fin guide holding plate 

As shown in FIGS. 23A-24B, the fin guide holding plate 
89 is formed as a plate having roughly the same length as that of the main 
body frame 88. The fin guide holding plate 89 is fixed to the main body 
frame 88 at its substantially center position by bolts 95 to be substantially 
perpendicular to the main body frame 88. Specifically, the whole of the fin 
guide holding plate 89 mounted to the main body frame 88 provides a 
roughly T-shape. 
[01 1 4] D-2c. Fin clamp plate 

As shown in FIG. 23A-24B, the fin clamp plates 90, 91 , 92 include 
plates with roughly L-shaped cross section having spaces for receiving and 
holding the fins 5 between the fin clamp plates and the fin guide holding 
plate 89, and they are movably mounted to the main body frame 88. The 
fin clamp plates 90, 91 , 92 are provided to the main body frame 88 at the 
longitudinal center and both sides, respectively. The side fin clamp plates 
90, 92 include a portion having substantially the same length as that of the 
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center fin clamp plate 91 , i.e. perpendicular length thereof shown in FIG. 
24A, and a portion having substantially half length. When changing the 
viewpoint, the fin clamp plates 90, 92 have a shape with both sides cut. 
[01 1 5] D-2d. Cam drive mechanism part 
5 As shown in FIGS. 23A-24B, the cam drive mechanism part 93 

comprises a pair of cam follower mounting plates 96, 96 having one end 
fixed to the side fin clamp plates 90, 92, cam followers 97 mounted to the 
cam follower mounting plates 96, and a helical tension spring 99 provided 
between spring engagements 98 arranged at the tip of the cam follower 

10 mounting plates 96 mounted on both sides of the fin guide holding plate 89. 
[0116] The helical tension spring 99 is provided between the spring 
engagement 98 fixed to a cam follower mounting member 1 00 for rotatably 
supporting the cam follower 97 arranged at one end of one of the cam 
follower mounting plates 96, and the spring engagement 98 fixed to a 

15 spring engagement mounting part 1 01 arranged at one end of another 
cam follower mounting plate 96. 

[01 17] In the no-load state where the cam follower 97 is not loaded, the 
helical tension spring 99 is contracted as shown in FIG. 23A wherein the 
side fin clamp plates 90, 92 are in parallel to the fin guide holding plate 89. 
20 When the cam follower 97 is loaded, the helical tension spring 99 is 
extended as shown in FIG. 24A wherein the side fin clamp plates 90, 92 
are not in parallel to the fin guide holding plate 89. 

[01 18] In the state shown in FIG. 23A, the fins 5 are held by the fin guide 
holding plate 89 and the fin clamp plates 90, 91 , 92, whereas in the state 

25 shown in FIG. 24A, the fins 5 are inserted into the widened spaces 
between the fin guide holding plate 89 and the fin clamp plates 90, 91 , 92. 
The states shown in FIG. 23A and 24A occur when the cam follower 97 
moves into a long cam 102 with U-shaped section shown in FIGS. 20-21 . 
[01 1 9] D-2e. Fin inserting member 

30 As shown in FIG. 20, the fin inserting member 77, provided at the 
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fin dropping position, serves to press downward the fin 5 held by the fin 
holding member 76 brought to the fin dropping position and insert it 
between the tubes 3, 4 arranged on the set base 30. As shown in FIG. 
25D, when the fin holding member 76 is brought to the fin dropping position, 
5 a fin dropping member 103 driven and controlled vertically movably is 
inserted through the air introducing hole 94 formed in the main body frame 
88, by which the fin inserting member 77 drops fin 5 held by the fin clamp 
plates 90, 91 , 92. 

[0120] When dropping, the fin 5 should be inserted between the 
!•'» 10 positioning members 34 arranged along the length of the radiator tubes 3 
p and condenser tubes 4. Thus, both sides of the fin 5 are first inserted 

*fj between the tubes 3, 4 by the fin dropping member 103, and then the 

Hj center portion of the fin 5 is dropped therein. This allows smooth insertion 

CH of the fin 5 between the tubes 3, 4. As shown in FIG. 21 , a fin arranging 

l=i 15 plate 104 is provided on the frame 74 at least from the fin inserting 

m 

raj position to before the fin dropping position. At the fin dropping 

position, there is no fin arranging plate 104 because the fin 5 is to be 
dropped downward there. 
[01 21 ] E. Header mounting device 
20 As shown in FIG. 6, a header mounting device 106, disposed on 

the header mounting part 13, is a device for receiving the radiator header 7 
and condenser header 6 held by the temporary header holder 32 and 
mounting them to tubes with the fins 5 inserted. 

[0122] Referring to FIGS. 27-28, the header mounting device 106 is 
25 mounted to a frame 108 supported by a plurality of supports 107 in the 
direction roughly at right angles to the running direction of the platen 19. 
Referring to FIGS. 29A-31C, the header mounting device 106 comprises a 
slide main body 109, a radiator header positioning member 110 and 
condenser header positioning member 1 1 1 and radiator header clamping 
30 member 112 and condenser header clamping member 113 fixed to the 
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slide main body 109, and a driving means for moving the slide main body 

109 back and forth. 

[0123] E-1. Slide main body 

As shown in FIGS. 29A and 31 B, a plurality of LM guides 114 is 
provided on the top surface of the slide main body 109 so as to be 
movable along a rail 115 mounted on the frame 108. Moreover, a ball 
screw fitting member 1 17 is provided on the top surface of the slide main 
body 109 to protrude upward, and incorporates a nut member mounted to 
a ball screw 116 constituting a forward/backward movement driving means 
as will be described later. 

[0124] E-2. Radiator header positioning member and Condenser 
header positioning member 

Referring to FIGS. 30 and 32A-32B, the radiator header 
positioning member 110 is provided with a roughly U-shaped positioning 
concave 118 engaging with one side of the radiator header 7 formed 
as a square pipe with rectangular section. The radiator header 7 is 
positioned by engaging the one side of the radiator header 7 with the 
positioning concave 118. 

[0125] As shown in FIGS. 30 and 32A-32B, the condenser header 
positioning member 111 is provided with a positioning concave 119 with 
roughly V-shaped section for supporting at two points the condenser 
header 6 formed as a round pipe with circular section. The condenser 
header 6 is positioned by engaging the condenser header 6 with the 
positioning concave 119. 

[0126] As shown in FIGS. 30 and 31A-31C, in order to allow secure 
positioning of the radiator header 7 and condenser header 6 even if they 
are different in size, the radiator header positioning member 110 and 
condenser header positioning member 111 are different and distinct 
members, one being freely movable along a rail 1 20. 
[0127] E-3. Radiator header clamping member and condenser header 
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clamping member 

As shown in FIGS. 30 and 33, the radiator header clamping 
member 112 and condenser header clamping member 1 13 are formed as 
a roughly L-shaped hook. The radiator header clamping member 112 
5 and condenser header clamping member 113 are both movable through 
cylinders 121 provided on the side of the slide main body 109. 
[0128] As shown in FIG. 33, the radiator header clamping member 112 
provided on one side of the slide main body 109 holds an outer wall 7a of 
the radiator header 7 from outside to clamp the radiator header 7 by 

H 10 pressing it against the radiator header positioning member 110. The 

G) 

O radiator header clamping member 1 12 on the other side is inserted into an 

opening 122 of the radiator header 7, and holds from inside an inner wall 

W 



7b on the rear side to be engaged with the positioning concave 1 1 8 so as 
to clamp the radiator header 7 by pressing it against the radiator header 



H 1 5 positioning member 110. 

ru 

f|| [0129] Similarly, as shown in FIG. 33, the condenser header clamping 

**\ member 113 on one side holds from outside an outer wall 6a of the 

condenser header 6 to clamp the condenser header 6 by pressing it 
against the condenser header positioning member 111. The condenser 
20 header clamping member 1 13 on the other side is inserted into an opening 
1 23 of the condenser header 6, and holds from inside an inner wall 6b on 
the side to be engaged with the positioning concave 119 so as to clamp 
the condenser header 6 by pressing it against tine condenser header 
positioning member 111. 
25 [0130] The radiator header 7 having rear end engaged with the 
positioning concave 1 18 is pressed against the radiator header positioning 
member 110 and clamped by the radiator header clamping member 112, 
allowing secure holding of the radiator header 7. Similarly, the condenser 
header 6 having rear end engaged with the positioning concave 119 is 
30 pressed against the condenser header positioning member 111 and 
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clamped by the condenser header clamping member 113, allowing secure 

holding of the condenser header 6. 

[0131] E-4. Forward/backward movement driving means 

As shown in FIGS. 27 and 29A-29B, the forward/backward 
movement driving means comprises ball screw 116 provided on the frame 
108, a drive motor 124 for rotating the ball screw 116, and a nut member 
incorporated in the ball screw fitting member 1 1 7. 

[01 32] The ball screw 1 1 6 is rotated by the drive motor 1 24. Rotation of 
the ball screw 116 can move the slide main body 109 mounted to the ball 
screw 116 through the nut member along the rail 115. The moving 
direction of the slide main body 109 is roughly at right angles to the running 
direction of the platen 19. 

[0133] The header mounting part 13 is provided with a lifting mechanism 
part, not illustrated, for lifting the platen 19 in its entirety, a compressing 
mechanism part, not illustrated, for compressing the radiator tubes 3, 
condenser tubes 4 and fins 5 arranged in predetermined numbers, 
and a positioning member having comb-teeth shape with the same slits as 
those of the positioning arranging member 34 and vertically movably 
provided on the frame 108. The positioning arranging member 34 rises 
from bottom to top to insert tubes into the slits 37 for their positioning and 
arranging, whereas the positioning member descends from top to bottom 
to insert tubes into the slits 37 for positioning and holding of the tubes and 
fins compressed and temporarily assembled. 

[0134] F. Explanation of operation of heat exchanger manufacturing 
system 

The following explains successively a series of processes for 
manufacturing the heat exchanger incorporating radiator and condenser 
using the above heat exchanger manufacturing system. 
[01 35] F-1 . Process before tube arranging 

Referring to FIGS. 11 and 34, the tube arranging device is 
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actuated to raise the positioning arranging members 34, end face 
restricting members 35, and tube supporting members 36 to a tube 
arranging set position protruding upward from both sides of the set base 30. 
Then, both ends of the upper and lower reinforces 1 , 2 are inserted into the 
slits 37 of the positioning arranging members 34 at desired positions as 
shown in FIG. 34. Thus, the arranging positions of the upper and lower 
reinforces 1, 2 are determined by means of the positioning arranging 
members 34. 

[0136] Then, the radiator header 7 and condenser header 6 are 
temporarily held by the temporary header holding device 32 disposed on 
the platen 1 9. In order to hold the radiator header 7, slits 59 formed in the 
radiator header 7 are engaged with the radiator header positioning claws 
52 as shown in FIG. 17. Similarly, in order to hold the condenser header 
6, slits 58 formed in the condenser header 6 are engaged with the 
condenser header positioning claws 53. Then, as shown in FIG. 18, the 
radiator header 7 and condenser header 6 are clamped by the 
clampers 54, 54. Until the platen 19 moves to the header mounting part 
13, the radiator header 7 and condenser header 6 are kept on standby at 
the bottom dead center position below the set base 30 shown in solid line 
in FIG. 11. 

[01 37] Then, the baking jig 61 is set to the jig holder 65 of the baking jig 
assembling device 33 disposed on the platen 19. The baking jig 61 is 
kept on standby at the bottom dead center position below the set base 30 
shown in solid line in FIG. 1 1 . 

[0138] Thus, in the stage before assembling the radiator tubes 3, 
condenser tubes 4 and fins 5, the reinforces 1 , 2, radiator headers 7, and 
condenser headers 6 are mounted on the platen 19 in advance. Then, 
the platen 19 is moved to the radiator tube arranging part 10. 
[01 39] F-2. Tube arranging process 

The radiator tubes 3 brought by the conveyor 17 and tube loader 
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18 are assembled to the platen 19 brought to the radiator tube arranging 
part 10. The radiator tubes 3 are successively inserted into the slits 37 
formed in the positioning arranging member 34 as shown in FIG. 16A, and 
are arranged in parallel at a predetermined spacing between the upper and 
5 lower reinforces 1 , 2 as shown in Fig. 1 B. A clearance is defined between 
the end face 3a of the radiator tube 3 and the end face 35a of the end face 
restricting member 35 to facilitate insertion of the radiator tube 3 into the slit 
37. The lower end face of the radiator tube 3 in the longitudinal direction 
is provided on the set base 30. 

ju 10 [01 40] Upon completion of arranging the radiator tubes 3, the platen 1 9 is 

H 

|=i transported to the condenser tube arranging part 1 1 where the condenser 

f!J tubes 4 successively brought from the tube stacker 24 by the tube loader 

lj| 25 are assembled. The condenser tubes 4 are arranged double at a 

Cm predetermined distance just above the radiator tubes 3 as shown in FIG. 

Uh 15 16A. Specifically, when inserting the condenser tube 4 into the slit 37 

hi 

with the radiator tube 3 inserted therein, the tip of the condenser tube 
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H tube 4 is supported on the tube supporting member 36, and is arranged at 



4 is placed on the tube supporting member 36. That is, the condenser 



a predetermined distance with respect to the radiator tube 3 disposed just 
20 below it. A clearance is defined between the end face 4a of the 
condenser tube 4 and the end face 35b of the end face restricting member 
35 to facilitate insertion of the condenser tube 4 into the slit 37. 
[0141] Upon completion of arranging the condenser tubes 4 to the 
positioning arranging member 34, the platen 19 is transported to the fin 
25 inserting part 1 2. 

[0142] F-3. Fin inserting process 

At the fin inserting part 12, the fins 5 formed at the fin forming part 
9 are successively fed by the fin feeding mechanism part 16, and are 
inserted into the space between tubes by the fin inserting device. The fins 
30 5 fed to the fin inserting part 12 are held at the fin inserting position shown 
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in FIG. 21 by the fin holding member 76 mounted to the conveyor 75. 
Specifically, at the fin inserting position, the fin clamp plates 90, 91, 92 
provided on the fin holding member 76 are opened as shown in FIG. 24A 
by the cam 102. The fin 5 is inserted from one end to the other end 
5 between the fin clamp plates 90, 91 , 92 and the fin guide holding plate 89 
as shown in FIG. 25A. 

[0143] The fin holding member 76 with the fin 5 inserted therein is 
transported by the conveyor 75 to a fin blow inserting position shown in 
FIG. 21 , wherein air is blown toward the fin 5 through the air introducing 
i^s, 10 hole 94 formed in the fin holding member 76, moving the fin inward as 
b shown in FIG. 25B and FIG. 26. The fin 5 is brought into contact with a 

Cjj positioning guide member 300 disposed on the inward side as viewed in 

W the inserting direction. Then, the fin holding member 76 is transported to 

CP a fin compressing position shown in FIG. 21, wherein the fin 5 is 

l =a 15 compressed along the length by fin compressing members 300, 301 
|p which are slidable through a cylinder 302 shown in FIG. 25C. 

W Compression of the fin 5 is carried out to achieve the length allowing 

h h insertion into the space between tubes. 

[0144] While the fin holding member 76 is transported to the fin dropping 
20 position shown in FIG. 21 , the fin clamp plates 90, 91 , 92 are closed by the 
cam 102 as shown in FIG. 23A to hold the fin 5. When the fin holding 
member 76 arrives at the fin dropping position, the fin inserting member 77 
shown in FIG. 20 drops the fin 5 held by the fin clamp plates 90, 91 , 92 and 
the fin guide holding plate 89 between tubes on the platen 19 which is on 
25 standby therebelow. Upon dropping of the fin 5, both ends of the fin 5 are 
dropped, prior to the center portion, into the space between tubes by the fin 
dropping member 103 as shown in FIG. 25D. Subsequently, the center 
portion of the fin 5 is pressed in the space by the fin dropping member 103, 
thus inserting the fin 5 in its entirety between tubes. In the similar way, 
30 referring to FIG. 35, the fins 5 are successively inserted between tubes. 



30 

When completing insertion of the fins 5, the platen 19 is transported to the 

header mounting part 13. 

[01 45] F-4. Header mounting process 

When the platen 19 is brought to the header mounting part 13, the 
platen 19 is raised in its entirety by a lifting mechanism part, not illustrated. 
Then, the tube arranging device 31 is moved in its entirety as shown in FIG. 
1 6B to press the end face restricting member 35 against the temporarily 
assembled tubes. This results in alignment of the end faces 3a, 4a of the 
radiator tubes 3 and condenser tubes 4. Then, as shown in FIG. 1 6C, the 
tube holding member 36 is pressed to compress the fins 5. Since the 
notches 1 a, 2a are formed at both ends of the reinforces 1 , 2, the end face 
position of the fins 5 can be restricted with the tube supporting member 36 
failing to abut on the reinforces 1 , 2. The comb-teeth shaped positioning 
arranging member 34 is lowered to a position below the set base 30, and 
then the temporarily assembled tubes and fins are compressed by 
the compressing mechanism part in the tube/fin arranging direction 
shown in FIG. 3. 

[0146] Subsequently, the radiator header 7 and condenser header 6 
temporarily held by the temporary header holding device 32 provided on 
both sides of the platen 1 9 are raised to the header mounting position of 
the temporarily assembled tubes and fins. Then, the header mounting 
device 106 shown in FIG. 27 approaches the radiator header 7 and 
condenser header 6 to grasp with the respective clamping members 112, 
113 the headers 7, 6 temporarily held by the temporary header holding 
device 32. 

[0147] Specifically, the radiator header 7 is positioned by abutting on the 
radiator header positioning member 110, and is clamped by the radiator 
header clamping members 112, 112 as shown in FIG. 33. Similarly, the 
condenser header 6 is positioned by abutting on the condenser header 
positioning member 111, and is clamped by the condenser header 
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clamping members 1 13, 1 13. When received from the temporary header 
holding device 32, the radiator header 7 and condenser header 6 are 
mounted to the compressed tubes. 

[0148] Then, the baking jig assembling device 33 is actuated to raise the 
5 baking jig 61 from below to above the set base 30 and assemble it to the 
heat exchanger with radiator header 7 and condenser header 6 mounted 
thereto. After mounting the baking jig 61, the platen 19 is lowered and 
bought to a heat exchanger take-out position along the upper rail 20, 
wherein the assembled heat exchanger is removed from the platen 19. 
10 Th e empty platen 19 is lowered on the lower rail 21 by the platen lowering 
mechanism part 22 to return to the radiator tube arranging part 1 0. 



a 



W [0149] The heat exchanger incorporating the radiator and condenser is 

W manufactured through the above processes. In the illustrative 

p! embodiment, for easy understanding of the present invention, an 

L is explanation is made with regard to a single platen running on the rail. 
j}{ Actually, a plurality of platens continuously runs to promote the 

productivity of heat exchangers. 
l» [0150] Having described the present invention with regard to the 

preferred embodiment, it is noted that the present invention is not limited 
20 thereto, and various changes and modifications can be made without 
departing form the scope of the present invention. By way of example, in 
the illustrative embodiment, an explanation is made with regard to 
manufacturing of heat exchangers incorporating first and second heat 
exchangers, but it goes without saying that the present invention is 
25 applicable when manufacturing heat exchangers with a single heat 
exchanger. Moreover, in the illustrative embodiment, the reinforces 1 , 2 
are parts common to the first and second heat exchangers, but, they may 
be separate and distinct parts. 

[01 51 ] The entire teachings of Japanese Patent Application 2000-403382 
30 filed December 28, 2000 are incorporated hereby by reference. 



